For identifying dielectric targets buried in a lossy dielectric such as soil, one can use the natural frequencies as a signature. However, these are dependent not only on the constitutive parameters of the target, but also on those of the surrounding medium. 
I.
Introduction
Identification of buried targets using electromagnetic fields relies fundamentally on the differences of the constitutive parameters of the buried target from those of the surrounding medium.
Previous papers have considered the identification of such targets based on the singularity expansion method (SEM) involving complex natural frequencies sa and various properties of the pole residues.
Perfectly conducting targets have their SEM parameters scale in a simple way based on their free-space values [5] . Highly conducting targets have a set of negative real sa based on the low-frequency diffusion of magnetic fields in the target [6] ; the magnetic polarizability dyadic has real eigenvectors which are aligned according to any symmetry planes and axes the target may have [7] .
The present paper considers another class of buried targets: dielectric targets as in fig. 1 .1. In this case the permeability of the target and the surrounding medium are assumed to the same, i.e., go, the permeability of free space. The conductivity of the target is assumed zero, while that of the surrounding medium, al , is assumed non-zero, such as might characterize typical soils (say 10-3 to 10-2 S/m), sea water (4 S/m), etc. Here is a difference one might exploit by application of a DC electric potential between earthed conductors and observing the variation of the electric field tangential to the ground surface. However, other items such as rocks can give similar perturbation of the static electric field.
Assuming that the permitivity E 2 of the target is succinctly different from e 1 of the surrounding medium, then one may also consider the complex resonances sa which occur for wavelengths of the order of the target size (or less) in the target as well as in the surrounding medium. This can be a complicated problem but one worth understanding due to its potential significance for target identification. Define 
Note that differences between the two media do not appear in the products but rather in the ratios above.
For later use we also have
and note that small Er implies large I 4jo).
So now consider some appropriate approximations that we can use later in canonical problems. There is also the consideration of the relative propagation speeds in the two media as
(1.6) Y2 lp . lz = 0 (2.1)
The magnetic field is polarized in the direction 1 z x I p for right (+z) propagating waves. Note that this TEM incident wave has both electric and magnetic fields parallel to the surfaces of the scatterer. As such it is a special case which is both TE and TM.
With this, go now to the first interface at z = 0 and obtain
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from which we find the reflection or backscattering coefficient as
The incident wave has an arbitrary waveform f(s) (or f(t)) which appears in all subsequent waves, but is not important for present considerations.
The poles (indicated by argument s = sa) are at
For large ' or small cr there is a limiting form given by
Note that, as a limiting case,
Continuing the expansion let s=-= sa) + A s (2. 8) and note that
Then rewrite (2.5) as
Expand for small arguments (large ) as
As Te -(sa) 
Consider now the effect of the external medium on these pole locations. Recall from (1.5)
Provided that frequencies of interest are in the high-frequency window [5, 10] , this implies
The limiting case of a pure dielectric external medium (a 1 and E 1 real) gives
showing a significant shift to the left (damping) in the s plane. Comparing to the unperturbed resonance in (2.6) gives
For er of order, say 0.25, the lowest resonance is shifted to the left by a relative amount 1/(2-n). Including the conductivity of the external medium we have In this more general form we see an additional correction in that Asa Te has a small negative imaginary part (with positive co() ) moving the o part (imaginary part) of the poles closer to the origin.
Looking at these results we find that the imaginary part of these poles is not changed much by the external medium (for small er), provided that the poles occur at frequencies large compared to oa / El. The real part (damping) of the pole is, however, significantly affected by -,., the amount of damping being a measure of cr in a simple (but approximate) scaling relationship.
For completeness the reflection coefficient can be represented near one of these poles by where a prime is used to indicate a derivative with respect to the argument of these functions. Additional details concerning these functions are found in [4] .
Similarly expand the scattered fields (medium 1) as The fields internal to the target (medium 2) take the form 
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It is the poles of these coefficients which are the poles of the scattered fields in (3.5). Note that the an correspond to H (or TE ) modes, and the bn correspond to E (or TM ) modes.
Consider the special case of cr = 0 or Note that the roots for H modes correspond to those for E-modes for scattering from a perfectly conducting sphere, and similarly E modes correspond to H modes for scattering from a perfectly conducting sphere [2, 3) . Having determined these roots, then (3.12) can be used to determine the external natural frequencies s,). This is the same scaling relationship as in [5] showing how these natural frequencies depend on the external-medium parameters. With the results from the perfectly conducting sphere well known [2,31, these external natural frequencies are known to be highly damped, i.e.
significantly to the left in the s plane. For non-zero t, this is of course only an approximation.
The interior natural frequencies are found by reorganizing (3.10) as so that we need the perturbation As. of the interior natural frequencies due to finite •. Then from the denominator of an in (3.14) write For some chosen internal resonance sa2H), as ý--4 -then ?1a -4 , from (1.5) and a large argument approximation of the Bessel functions is appropriate. From (3.19) we have
as ý --4 -and As('H)-> 
IV.

General Properties of External Resonances
Considering the approximations concerning the dielectric sphere one can see some of the properties of a general dielectric target embedded in a medium of higher permittivity. For the external resonances the limit as ý ---(or Er--0 ) makes the surface S of the target (of volume V) behave as a perfect magnetic conductor (infinite surface impedance).
Letting S be a perfect magnetic conductor one next considers the dual problem in which the electric and magnetic fields are interchanged [8] . In the dual problem S is a perfect electric conductor. The propagation constant j 1 (s) is unchanged in the transformation and it is certain characteristic values of j1 that correspond to the natural frequencies. As such the technique in [5] can now be applied. One can use the natural frequencies determined in free space (say sa)) to datermine these propagation constants and then scale using the external medium parameters as V.
General Properties of Internal Resonances
As • -c, (or E.r-0 )the target interior V behaves as though S were a perfectly conducting sheet. This gives, as the starting point, the modes of a lossless cavity. Since • is finite, loss (damping) is introduced into the corresponding natural frequencies sct2, giving these a negative real part. As shown in both the slab and sphere scattering From an experimental point of view one can take a dielectric target and cover or coat it with a metal foil or layer (as in the previous section). Then through one or more small holes one can couple a small probe, the input impedance of which can be measured as a function of frequency to determine the unperturbed interior resonances. The use of both electric and magnetic probes can be used to sort out mode types. One can also place this covered target with one or more small holes in a scattering range to determine the internal resonant frequencies. Note that the hole locations are important in that a probe should not be placed at a null in the mode of interest (so that one can effectively excite the mode).
To determine the damping of these interior modes the dielectric target can be placed in a medium of known el (> E 2 ) for a scattering measurement. In general one will want to know the damping over some range of r 1 . This can be accomplished to some degree by variation of the water content of the soil.
Thereby the parameters in (5.1) can be determined, noting the asymptotic nature of this formula.
VI.
Concluding Remarks
Identifying dielectric targets (insulating) in a lossy external dielectric (such as soil) requires first that the contrast between the two media be sufficiently large that one can detect the presence of the target in a scattering experiment. In some cases (such as by wetting down the soil) one might even increase the contrast for this purpose.
For our present considerations the permittivity of the target is taken as small compared to that of the external medium (Er < < 1). This leads to an appropriate set of asymptotic results for general target shapes, based in part on canonical geometries (infinite slab and sphere). As such the results are approximate, but useful, for identifying buried dielectric targets.
